The chemical composition of the essential oil from cornmint (Mentha canadensis L.) was analyzed by GC/FID and GC-MS. The main constituents were menthol (41.2%) and menthone (20.4%). It was established that cornmint oil had antiradical activity with respect to the DPPH and hydroxyl (OH•) radicals. The concentrations necessary for 50% neutralization of the respective radicals (IC 50 ) were 365.0 μg/mL for DPPH and 0.3 µg/mL for OH•, which was indicative that the antioxidant activity in terms of OH• was higher than that of quercetin. Cornmint oil chelated the Fe 3+ ions present in the solution. The oil demonstrated antioxidant activity in a linoleic acid emulsion model system, where at 0.1% concentration it inhibited the formation of conjugated dienes by 57.1% and the generation of secondary oxidized products of linoleic acid by 76.1%.
It has been reported that free radicals and reactive oxygen species (ROS) cause cellular injuries and initiate peroxidation of polyunsaturated fatty acids in biological membranes [1, 2] . Furthermore, free radicals and ROS cause DNA [2] [3] [4] and protein damage [5] as well as the oxidation of important enzymes [6] in the human body.
Oxidative deterioration of lipids is a considerable concern with regard to short-life food products as lipid oxidation leads to the development of undesirable off-flavors and therefore decreases the acceptability of foods [7] . In addition, lipid oxidation decreases food safety and nutritional quality by formation of potentially toxic products and secondary reaction products during cooking or processing [8, 9] . To prevent and retard lipid oxidation, synthetic antioxidants such as butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA) are added to lipid-containing foods. However, potential health hazards of synthetic antioxidants in foods, including possible carcinogen formation, have been reported [10, 11] . Hence, naturally occurring antioxidants has become a recent field of research [12] . Natural antioxidants of plant origin are generally classified as vitamins, phenolic compounds, including flavonoids and phenolic acids, and volatile compounds in herbs and spices [7, 13] . As natural antioxidants they are one of the most important sources for curing diseases associated with oxidative damage. Therefore, they have become more important, not only in food, but also in preventive medicine [14] .
Beside their antioxidant properties, it has been reported that essential (volatile) oils from aromatic and medicinal plants possess other biological activities, such as antibacterial and antifungal activities providing a popular concept of foods that combine nutritional and medicinal benefits, or the socalled "functional foods" [15] .
Cornmint (Mentha canadensis L., formerly M. arvensis L., which is now the synonyme [16] ; family Lamiaceae), possibly originated in eastern Asia. The best studied representative of this family is Mentha x piperita [17] [18] [19] [20] . With respect to M. canadensis, biological studies have been focused on аnti-candidal activity [21] , and its antimicrobial effect on Escherichia coli O157, Campylobacter jejunii and Clostridium perferingens [22] . Menthol has been identified as the major compound of the essential oil [23] . Although the antioxidant properties of a methanol extract of M. canadensis L. have been reported using a β-carotene bleaching method [24] , data on the antioxidant activity of cornmint oil are lacking. [23, [25] [26] [27] [28] ; * apolar column and correlation with published data [29] [30] [31] [32] [33] ; # in relative %-peak area using GC/FID with an apolar column (mean value of 3 analyses). Values in bold indicate a peak area >3%. Therefore, our study focused on the characterization of the chemical composition, the olfactory profile and the antioxidant effects of the essential oil from M. canadensis L. As shown in Table 1 , GC analyses identified menthol and menthone as the major compounds of the essential oil. Isomenthone, neomenthol, menthyl acetate, limonene, and 1,8-cineole were identified as minor components, each representing more than 2% of the total oil.
To evaluate the antioxidant activity of compounds DPPH is used as a substrate, as this stable free radical accepts an electron or a hydrogen radical and becomes a stable diamagnetic molecule [34] . The concentrations of the investigated antioxidants cornmint oil, rutin, ascorbic acid, BHT, and BHA inhibiting 50% of the free DPPH radical (IC 50 ) are presented in Table 2 . Cornmint oil demonstrated considerably weaker antiradical activity in comparison with all other investigated components. The major component, menthol, revealed no inhibitory activity in concentrations up to 1 mg/mL. IC 50 values were with statistical significance p≤0.01 and with high regression coefficients.
Further investigations of the antioxidative properties of cornmint oil were performed using hydroxyl radicals, which are generated in a reaction mixture containing ascorbate, hydrogen peroxide and iron III-EDTA at pH 7.4. The ability of the radicals to degrade the sugar deoxyribose in the presence or absence of the essential oil was then measured [35] . The addition of cornmint oil to the reaction shielded deoxyribose against degradation by eliminating the highly reactive hydroxyl radicals (OH•) ( Figure 1 , closed circles). It was determined that cornmint oil was a powerful OH• scavenger in competition with 2-deoxy-D-ribose. As shown in Figure 1 , the inhibitory effect increased when higher cornmint oil concentrations were used, reaching 95.6% inhibition at 6.0 µg/mL. Identical inhibitory effects (95.6% inhibition of OH• at 6.0 µg/mL) were also seen for menthol, the major component of the oil. In contrast, quercetin showed significantly weaker antioxidant activity with maximal inhibition of 77.8% at 20 µg/mL. The investigated compounds showed antioxidant effects (expressed as IC 50 ) as follows: menthol -0.2 µg/mL (R 2 = 0.996), cornmint oil -0.3 µg/mL (R 2 = 0.988), and quercetin -4.6 µg/mL (R 2 = 0.834). The same analytical method could also be applied for studying the inhibitory power of cornmint oil against the metal ion-dependant generation of OH•, and not only for assaying the ability of capturing already formed radicals. When Fe 3+ ions are added to the reaction mixture as FeCl 3 instead of EDTA complex, some of the iron ions form a complex with deoxyribose. The Fe 3+ may be subsequently reduced by ascorbate to Fe 2+ , which remains bound to deoxyribose and further reacts with H 2 O 2 . The reaction generates the necessary OH•, which immediately trigger the degradation of deoxyribose in a site-specific manner.
Only molecules that are able to chelate and inactivate Fe ions may inhibit the degradation of deoxyribose. Figure 1 (without EDTA, open cicles) shows that cornmint oil, menthol and quercetin are scavengers of OH• and manifest chelating properties, most strongly identified for menthol.
Like most radicals, OH• can be neutralized by a hydrogen atom. The capture of OH• by cornmint oil is attributed to the hydrogen-donating capacity of menthol, which is present in a concentration of 41% in cornmint oil. (data not shown) The antioxidant activity of that terpene alcohol was also identified in the work of Ruberto and Baratta [36] . Data compiled in the study pointed out that the scavenging activity of cornmint oil regarding the two radicals -DPPH and OH• was considerably higher than in the case of OH• radicals -the IC 50 value for OH• was 0.3 µg/mL as opposed to an IC 50 of 365.0 µg/mL for DPPH. Most probably, this distinction is due to differences in the neutralization mechanisms of the two radicals.
The antioxidant effect of cornmint oil on lipid peroxidation was established by applying a model system comprised of linoleic acid emulsion. The inhibitory effect was assayed both at the early stages of linoleic acid autoxidation and after the emergence of secondary oxidized products, expressed as malonaldehyde content. Two indicators were considered, corresponding to the different advances in lipid peroxidation -the formation of conjugated dienes and TBARS. The effect of cornmint oil on lipid peroxidation was determined at body temperature, 37ºC. Our investigation proved a concentration dependency of the antioxidant activity of cornmint oil; with increasing concentration of the oil ranging from 0.05% to 0.1% the inhibitory effect on lipid peroxidation also increased correspondingly throughout the study period (Figure 2A ).
The peroxidation of linoleic acid, a source of conjugated dienes, was most intensive on the fifth day of incubation. 
Concentration, µg/mL
For the same incubation period, cornmint oil at a 0.1% concentration led to inhibition of the process by 40.8% compared to 35.2% inhibition caused by BHT. The most effective inhibition of the process was observed on the eighth day of the study -at a concentration of 0.1% of cornmint oil the achieved inhibition effect was 57.1% compared with 61.9% for 0.01% BHT.
In terms of the second indicator applied for detection of secondary oxidized products from linoleic acid, TBARS, the peak in malonaldehyde accumulation was observed on the fifth day of linoleic acid incubation ( Figure 2B ). The process almost followed the pattern of conjugated dienes formation. The highest antioxidative effect was seen on the eighth day of the study period, with an inhibitory effect of cornmint oil (0.1%) on lipid peroxidation reaching 76.1%.
Cornmint oil demonstrates antiradical activity with respect to OH• and DPPH radicals. The IC 50 values prove that the oil is a better scavenger of OH• than DPPH and quercetin. Cornmint oil also reveals Fe 3+ chelating properties, leading to the prevention of hydroxyl radicals initiation and, therefore, acting as a prooxidant. The formation of conjugated dienes and the generation of secondary oxidized products from lipid peroxidation were also inhibited by cornmint oil.
The antioxidant properties of cornmint oil established in this study expand the scope of its implementation as a natural preservative in food and pharmaceutical products.
Experimental

Samples:
The essential oil of M. canadensis L. (flowering aerial parts, leaf) [16] from India is a product of Kurt Kitzing Co., Wallerstein, Germany (no. 800635 Ch. 12019), possessing a strong minty, fresh and herbaceous odor.
Chemical composition: GC/FID analyses were carried out using a GC-14A with split/splitlessinjector, FID and C-R6A-Chromatopac integrator (Shimadzu, Japan), a GC-3700 with FID (Varian, Germany) and C-R1B-Chromatopac integrator (Shimadzu) under the experimental conditions as reported earlier [37] . Quantification was achieved using peak area calculations, and compound identification was carried out partly using correlations between retention times [29] [30] [31] [32] [33] .
GC-MS analysis:
For GC-MS measurements a GC-17A with QP5050 (Shimadzu), split/splitless -injector and HP-Compaq data system (GCMS solutionsoftware), a GC-HP5890 with HP5970-MSD (Hewlett-Packard, USA) and ChemStation software on a Pentium PC, a GCQ (Finnigan-Spectronex, Germany-USA) and Gateway-2000-PS75 data system (Siemens-Nixdorf, Germany, GCQ-software) were used under the experimental conditions as reported earlier [37] . For other parameters, see description of GC/FID above. Mass spectra correlations were achieved using Wiley, NBS, NIST and our own library, as well as other published data [29, 31, 32] .
Scavenging effect on 2,2-diphenyl-1-picryl hydrazyl radical (DPPH):
The radical scavenging ability was determined according to Mensor et al. [38] . One mL from a 0.3 mM ethanol solution of DPPH was added to 2.5 mL from the samples with different concentrations of cornmint oil and menthol. The samples were kept at room temperature in the dark and after 30 min the optical density was measured at 518 nm. The optical density of the samples, the control and the empty samples was measured in comparison with ethanol. Ascorbic acid, rutin, the butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA) were used as positive controls.
Detection of hydroxyl radicals by deoxyribose assay:
The assay was performed as described by Halliwell et al. [35] , with minor changes. All solutions were freshly prepared. The reaction mixture (1.0 mL) contained 28 mM 2-deoxy-D-ribose (dissolved in KH 2 PO 4 K 2 HPO 4 buffer pH 7.4), 500 µL of various concentrations of either the cornmint oil or menthol, 200 µM FeCl 3 and 1.04 m M EDTA (1:1 v/v), 10 mM H 2 O 2 and 1.0 mM ascorbic acid. After an incubation period of 1 h at 37°C, the extent of deoxyribose degradation was measured by the thiobarbituric acid (TBA) reaction. TBA (1 mL of 1% in 50 mM NaOH) and 1.0 mL trichloroacetic acid (TCA) were added to the reaction mixture and the tubes were heated at 100°C for 20 min. After cooling, the absorbance was read at 532 nm against a blank (containing only buffer and deoxyribose). The percentage of inhibition was calculated by the formula:
I(%)=100 -(Abs sample /Abs control ) x100
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The IC 50 value represented the concentration of the compounds that caused 50% inhibition of radical formation. Quercetin was used as a positive control.
Evaluation of antioxidant activity in linoleic acid model system:
Linoleic acid emulsions were prepared by mixing 0.285 g linoleic acid, 0.289 g Tween 20, as emulsifier, and 50 mL phosphate buffer (pH 7.2). The mixture was homogenized for 5 min according to Yen et al. [39] . The antioxidant was added at final concentrations of 0, 0.05 and 0.1% w/v of cornmint oil; BHT 0.01% was used as control. The mixture was incubated in an oven at 37°C for 10 d. The course of oxidation was monitored by measuring the formation of conjugated dienes (CD) and thiobarbituric acid reactive substances (TBARS). The antioxidant activity at the end of the assay time was expressed for each indicator as the reduction percentage of peroxidation (RP %), with a control containing no antioxidant being 0%.
RP % = [(peroxidation indicator value without antioxidant) -(peroxidation indicator value with antioxidant) / peroxidation indicator value without antioxidant)] x 100.
A higher percentage indicates a higher antioxidant activity.
Determination of conjugated dienes formation:
Aliquots of 0.02 mL were taken at different intervals during incubation. After incubation, 2 mL of methanol in deionised water (60%) were added, and the absorbance of the mixture was measured at 233 nm. The conjugated dienes concentration was expressed in mL/mg in each sample. The results were calculated as CD = B x vol/wt; where B is the absorbance reading, vol denotes the volume (mL) of the sample and wt is the mass (mg) of emulsion measured [40] .
Determination of thiobarbituric acid reactive substances:
A modified thiobarbituric acid reactive substances (TBARS) method was used to measure the antioxidant activity of the oil in terms of inhibition of lipid peroxidation. A sample (0.1 mL) was taken every day from the emulsion, and the following were sequentially added: the TBA-TCA solution (2 mL TBA in 15 % TCA). The mixture was heated in a 100ºC water bath for 15 min and cooled at room temperature. Afterwards, 2 mL chloroform was added, the mixture mixed and centrifuged at 2000 rpm for 15 min. The chloroform layer was separated and the absorbance of the supernatant was measured at 532 nm against a blank containing only TBA-TCA solution. Malonaldehyde standard curves were prepared by 1,1,3,3-tetramethoxypropane, and TBARS were expressed as mg of malonaldehyde/kg dry matter [41] . The data obtained at each point for all experiments were the average of three measurements.
Statistical analysis:
The experimental data analysis included approximation through polynomic dependences from fourth order. For all cases the plural correlation coefficient R 2 was determined. The level of the concentration which corresponded to 50% inhibition was calculated according to the approximated dependence for which R 2 was maximal. The mathematical analysis of the data was carried out with MATHLAB software.
